MATERIALS AND METHODS

87
Animals and irradiation
88
We have studied the rat model of radiation-induced CD to better understand alterations in 89 cortex and hippocampus that may contribute to epileptogenesis (e.g., Roper et al. 1995; 90 and memory deficits Zhou and Roper 2012 Individual slices were perfused with extracellular solution at a constant rate of 3 ml/min.
106
Recordings were conducted using IR-DIC video microscopy with a 40 x objective (Eclipse acid (D-AP5), 10 μM 2,3-dihydroxy-6-nitro-7-sulfamoyl-benzo quinoxaline-2,3-dione (NBQX), 121 and 100 μM picrotoxin (PIC) were added to the perfusing solution. Due to difficulties in 122 determining precisely change of membrane potential when neurons spiked, 1 μM TTX was 123 added to block action potentials.
124
To detect epileptiform activity, extracellular recordings of field potentials were performed.
125
After obtaining stable baseline recordings, low Ca and Mg were bath-applied to induce 126 epileptiform activity. We tested combinations (0, 0.2, 0.4, 0.5, 0.6, 0. Immunofluorescence staining was performed as previously described (Zhou et al. 2009a; 2009b The baseline membrane potentials of pyramidal neurons at 2 mM Ca and 1 mM Mg were - 206 We observed the depolarization induced by 0.4 Ca-0.4 Mg at four ages: P8-10, P15-17, 207 P22-24 and P29-31. In control rats, the depolarization decreased with increasing age, e.g., it was 208 significantly smaller in the mature (P29-31, n = 7) than that in the immature rats (P8-10, n = 8, P 209 < 0.01). In irradiated rats, in contrast, the largest depolarization was observed in P15-17 rats; 210 after P8-10, the depolarization tended to decrease with increasing ages; however, there was no 211 significant difference among the four ages (Table 1) . We compared the depolarization between 212 the two groups of different ages. Depolarization was larger in the irradiated rats than that in 213 controls at P15-17, P22-24 and P29-31 (P < 0.05 or 0.01), respectively; however, it was not 214 10 different between the two groups at P8-10 (P > 0.05). In immature (P8-10) rats, the 215 depolarization was significantly larger in irradiated rats than that in the controls when both Ca 216 and Mg were 0 mM (control, 31.15 ± 1.94, n = 7; CD, 38.49 ± 2.38 mV, n = 7, P < 0.05) 217 whereas it was not different at other combinations. These results showed that membrane In rat control cortex, immunofluorescence staining of TRPC3 channel proteins was 238 observed in a narrow age window ranging from E15 to around P23; after P23, control sections 239 exhibited weak staining (all n = 2 at different ages). In rat dysplastic cortex, in contrast, TRPC3 240 staining was highly enriched in ages from E15 to P23 and other adult ages (P30, 45, 60 and 90; n 241 = 3 at all ages). As shown in Fig. 2 , TRPC3 staining was robust in both control and dysplastic 242 cortex from immature P9 rats; whereas in P30 rats, it was highly enriched in dysplastic cortex, 243 but very weak in control cortex. 
Low Ca and Mg induces larger depolarization in younger and irradiated rats
3.2.Blocking TRPC3 greatly reduced low Ca and Mg-induced depolarization in dysplastic cortex
246
The depolarization induced by 0.4 Ca-0.4 Mg was 9.57 ± 1.01 mV (n = 7) in pyramidal 247 neurons in mature (P29-31) rat dysplastic cortex (Fig. 3, A and E) . Intracellular application of when Ca and Mg were decreasing, and larger depolarization was observed in irradiated rats than 285 13 controls (Fig. 1) . This would result in an increased susceptibility for epileptiform activity in and Mg. In cases in which epileptiform activity did not occur, the duration of perfusion was 294 limited to 30 min. In mature (P29-31) rats, epileptiform activity was induced in dysplastic cortex 295 when both Ca and Mg were lower than 0.5 mM, e.g. 0.4 Ca-0.4 Mg, and at other combinations 296 when one was higher and another one was lower than 0.5 mM, e.g., 0.2 Ca and 0.8 Mg (Fig. 6B,   297 7). In contrast, it was induced in mature control cortex when both Ca and Mg were much lower 298 than those used in dysplastic cortex, e.g. 0.2 Ca and 0.2 Mg (Fig. 7) . 0.4 Ca-0.4 Mg did not 299 induce any epileptiform activity in mature control cortex ( Fig. 6A ; P < 0.01, two-tailed χ 2 test for 300 comparison of control and dysplastic cortex). The amplitude (Fig. 7A) and frequency (Fig. 7B ) of 301 epileptiform activity increased with decreased Ca and Mg in the two groups. They were larger in 302 dysplastic cortex than in the controls (all P < 0.01).
303
In immature rats (P8-10), some combinations, e.g., 0.5 Ca-0.5 Mg in control (n = 6) and (Fig. 7) . Epileptiform activity was not induced in control (Fig. 6B) ; and it was completely 321 suppressed 10 -15 min after the addition of 10 μM Pyr3 (Fig. 6C) . We did not observe any 
Mechanisms of hyperexcitability in low Ca and low Mg conditions
429
In the immature control cortex, larger depolarization and greater susceptibility to 430 epileptiform activity were observed compared to mature control cortex. In mature irradiated rats, 431 we demonstrated that the dysplastic cortex was more hyperexcitable and more susceptible to In the present study, we identified TRPC3 as the nonselective cation channel that mediated low cortex? We found that the answers to both questions were "yes". Our present study showed that 498 TRPC3 staining was highly enriched in both immature control and mature (as well as immature) 499 dysplastic cortex, but very weak in mature control cortex. Our finding that TRPC3 channels are 500 expressed in a narrow age window in control rats is consistent with a previous study (Li et al. 501 1999). High TRPC3 expression in mature irradiated rats may be due to an arrest of the All values were expressed as means ± standard error of the mean. Depolarization (mV) was 
